Background: Patients with ischaemic stroke or transient ischaemic attack (TIA) are at high risk of future cardiovascular events. Despite compelling evidence about the efficacy of secondary prevention, a substantial gap exists between risk factor management in real life and that recommended by international guidelines. Moreover, stroke is a leading cause of disability and morbidity which partly emerges from post-stroke complications.
Background
Stroke is the second leading cause of death and one of the leading contributors to disability worldwide [1, 2] . While the age-standardised incidence of stroke is decreasing in high-income countries due to improved health care services and primary prevention, the absolute number of stroke patients is still on the rise, mainly based on continuous population aging and growth [3] . Stroke survivors represent a population-segment particularly vulnerable to further cerebro-and cardiovascular events. Apart from persistent deficits, potentially avoidable medium-and long-term post-stroke complications are significant contributors to functional impairment and an appealing target for concerted interventions.
The risk of stroke recurrence is high at up to 10% within one year and more than 25% within 5 years [4] . Recurrent strokes account for about one fifth of all strokes in state-wide registries [5] , have a worse clinical outcome, have a higher fatality rate, and cause higher healthcare costs than first-ever strokes [6] .
More than 90% of the global stroke burden is attributable to modifiable risk factors, including behavioural and metabolic factors [7, 8] and most patients with acute ischaemic stroke have one or more un-or insufficiently controlled risk factors -a condition recently termed "preventable stroke" [9] . Vice versa, current evidence-based secondary prevention strategies combining behavioural and pharmacological interventions were estimated to reduce the risk for recurrent vascular events by more than 80% [10] . In real life, however, prevention goals and target levels of risk factors are rarely achieved [11, 12] . Furthermore, discontinuation of prescribed medications represents a major challenge in patient management, occurring in roughly one-third of ischaemic stroke patients within the first year of hospital discharge [13] .
Multimodal and multi-disciplinary interventions within the framework of structured disease-management programs have been shown to improve quality of care and outcomes in patients with various chronic diseases other than stroke [14, 15] . Also, digital health care interventions are a promising novel tool to improve individualised risk factor management [16] .
To address the substantial gap between risk factor management in real life and that recommended by international guidelines, we designed the STROKE-CARD program, which is a multifaceted pragmatic post-stroke disease management program combining intensified multi-domain secondary prevention, detection and treatment of post-stroke complications, and patient self-empowerment. In a pragmatic trial, we compare STROKE-CARD to usual care in its ability to reduce rates of recurrent cardiovascular events and improve quality-of-life in ischaemic stroke and TIA-patients.
Methods/design

Trial objectives
In this trial, we test the hypothesis that the pragmatic disease-management program STROKE-CARD designed for ischaemic stroke and TIA patients is capable of (a) preventing recurrent cardiovascular events by optimised guideline-compliant secondary prevention and target level achievement and (b) ameliorating health-related quality of life (QoL) and patient-wellbeing by early detection and consequent treatment of post-stroke complications.
Study design and centres
STROKE-CARD is a randomised, controlled, open interventional phase III trial with blinded outcome assessment [ClinicalTrials.gov NCT02156778] conducted in Austria. It initially started as a single-centre study in January 2014 and was extended to a second centre in December 2014. It compares two standards of post-stroke patient care, both complying with the current state-of-the-art. The trial does not involve experimental interventions but compares usual with intensified care as specified below. Primary outcome events are adjudicated based on pre-specified diagnostic criteria blinded to treatment allocation.
The two trial centres are located at the Departments of Neurology at the Innsbruck University Hospital (IUH) and the Hospital St. John of God in Vienna. IUH serves as the comprehensive stroke unit for the entire federal state of Tyrol (catchment area ≈ 1 Mio) and as a primary stroke unit for the city of Innsbruck and 65 surrounding suburban communities with approximately 0.3 Mio inhabitants. Patients from this exclusive catchment area represent an unselected cohort of ischaemic stroke and TIA patients [5] . The Hospital St. John of God Vienna houses one of the four comprehensive stroke units in Vienna. The Viennese stroke network includes additional six primary stroke units and serves the city of Vienna with a catchment area of more than 1.8 Mio inhabitants.
Study population
The study population comprises consecutive patients with acute ischaemic stroke or TIA (ABCD2-Score ≥ 3) [17] admitted to the two study centres. Patients are eligible for inclusion irrespective of whether the index event was a first or recurrent event. Ischaemic stroke is ascertained using the American Heart Association criteria based on clinical and imaging features [18] .
All patients with ischaemic stroke or TIA admitted to the study centres are screened for potential inclusion in the STROKE-CARD trial during the first days of their hospital stay and in most instances included before discharge after signing an informed consent. Further details on the inclusion and exclusion criteria are provided in Table 1 .
Randomisation and follow-up
We block-randomise patients in a 2:1 ratio to receive the STROKE-CARD program or standard care on the basis of the exact date and time of the qualifying event, with the durations of the blocks ranging from 4 to 8 weeks. The target sample size is 2160 patients overall, 1440 patients in the STROKE-CARD group, and 720 in the control group (Fig. 1) . We strive for inclusion of about 500 patients per year. Patients are followed-up for 12 months, but we also obtain consent from the patients to contact them later on and extend follow-up for future research projects. Patients who do not adhere to the extended standard care program, especially do not attend the 3-month assessment, are followed in the same way as adherent patients for primary and secondary outcome events.
Intervention
Standard care
In the control arm, patients are managed according to the usual stroke care protocol [5] of the study centres which includes: (a) detailed patient counselling and education about stroke pathophysiology, risk factor management, life style improvement and medication compliance by a stroke specialist (involving the next of kin and caregivers if appropriate); (b) provision of the complimentary book "After a stroke" [20] dealing with all aspects of stroke care; (c) individual in-hospital advice by a dietitian for patients with diabetes, severe dyslipidaemia, and obesity, and smoking cessation support for heavy smokers; (d) provision of standardised information materials (e.g. for oral anticoagulation therapy); and (e) provision at discharge of detailed medical reports for the general practitioner as well as the patient containing target levels for risk factor management. Post-discharge risk-factor-management is performed by the patient's general practitioner. Only selected high-risk patients are seen in the centres' outpatient clinics. A standardised 3-month telephone interview by a study nurse for assessment of functional outcome (mRS, Barthel Index, nursing allowance, life situation, support services, medication) is part of the country-wide quality program but has no interventional character [5] . As part of the STROKE-CARD protocol, all patients undergo a comprehensive standardised clinical visit 12 months after recruitment.
Stroke-CARD
In addition to the procedures listed above, the intervention-arm includes two additional interventions:
(a) a three-month outpatient appointment with standardised re-assessment of all risk factors and re-evaluation of stroke aetiology, screening for poststroke complications (e.g. spasticity, foot-drop, fatigue, pain, incontinence, communication problems, depression and anxiety, impaired cognition, seizures, fatigue, syncope, falls, fractures etc.), other health problems and residual deficits, estimation of the patient's demand for nursing services and the patient's adherence to drug prescriptions. All this information is used to optimise secondary prevention [21] [22] [23] with best possible achievement of target levels, to refine rehabilitation and treatment goals, and to manage post-stroke complications. Further details on the target levels are listed in Table 2 . Patient assessment and counselling is done by a multidisciplinary team of physicians, nurses, physiotherapists, occupational and speech therapists. Treatment decisions are determined by experienced stroke neurologists. The overall visit takes about 3-4 h. The general practitioner receives a detailed medical report with precise instructions and treatment goals. Additional 6-month and 9-month visits are performed exceptionally (target < 5% of cases) at the discretion of the study team in case of medical need, complications requiring follow-up, or very poor risk factor control. . If patients are unable to use a computer, caregivers are asked to assist with the usage of "My Strokecard". The patient-portal has been designed building on existing software for electronic patientreported outcome monitoring [24] and contains three components: (i) An adapted version of the 'post-stroke checklist' for ascertainment of poststroke complications is available for screening purposes at any time and pop up automatically three weeks before the three-and twelve-month TIA transient ischaemic attack, mRS modified Rankin Scale [19] outpatient appointment, so that the readout of the questionnaires is already available before the medical visit.
(ii) A self-administered internet-based tool for risk factor monitoring and patient selfempowerment (i.e. blood pressure, body weight, nicotine consumption, physical activity, LDL-C and HbA1c in case of diabetes) automatically generates feedback on target level achievement [tabular protocols and simple graphs visualising the current stage and time trends for the patient and GP, see Additional file 1]. (iii) Extensive information and educational materials on stroke pathophysiology, symptoms and risk factor management are provided.
During the in-hospital phase, clinical care does not differ between the two groups, with the exception of the training for the use of "My Stroke Card" in the extended care group before discharge.
There will be (i) a continuous monitoring of different benchmarks, including the duration of hospital stay and access to rehabilitation facilities to ensure that the two groups do not receive differential attention and to minimise surveillance biases, and (ii) a monitoring of trial progress by a data monitoring board.
Outcome
Primary outcomes (Co-primary endpoint) ▪ Incidence of major cardiovascular events defined as nonfatal stroke (ischaemic or haemorrhagic), nonfatal myocardial infarction (including acute coronary syndrome requiring emergency vascularisation), and vascular death (i.e. sudden cardiac death and death from acute myocardial infarction, ischaemic or haemorrhagic stroke, heart failure, cardiovascular procedures, pulmonary embolism, or peripheral artery disease) within one year of the index event. ▪ Health-related QoL assessed by the European Quality of Life-5 Dimensions (EQ-5D-3 L) overall health utility score one year after the index event.
Secondary outcomes ▪ Recurrent ischaemic or haemorrhagic stroke and TIA (defined as transient neurological deficit < 24 h and absence of DWI positive lesions on MRI) within one year of the index-event. ▪ All-cause mortality at 12 months. ▪ Favorable functional outcome (mRS ≤2 and change in mRS) at one year and at three months. [25] . The latter criterion focuses on statins, platelet inhibitors other than aspirin (which is typically purchased over the counter), antihypertensive medication, oral anti-diabetic drugs, and anticoagulation.
Clinical assessments and study protocols
The protocol uses validated and field-proven forms, scales and questionnaires. All the study team members are highly experienced and NIHSS-and mRS-certified. The clinical baseline-assessment (entire study population) and the outpatient appointment (3-month intervention [intervention arm only] and 12-month outcome assessment [entire study population]) will be performed by trained health care professionals of the multidisciplinary study team composed of experienced stroke neurologists, PhD-students, physiotherapists, and stroke nurses. Data are collected prospectively according to pre-specified Blood and urine samples are drawn after an overnight fast and at least 12-h abstinence from smoking [during the hospital stay and 3 and 12 months thereafter], immediately processed, used for routine testing, and stored in a biobank [plasma, serum, whole blood, and urine]. Samples are stored at − 80°C in compliance with the OECD guidelines and Austrian Bioethics Commission recommendations [39] .
Sample size
Sample size calculations for this trial were based on the primary composite cardiovascular disease endpoint. Assuming a 1-year cumulative risk of 15% in the usual care group, 2045 subjects are required to detect a 5% absolute risk reduction (α = 0.05) with a 90% power.
Expecting an attrition rate of 15% (7.5% dropout rate [withdrawal of consent] and a loss-to-follow-up of 7.5%), we aimed to include a total of 2400 patients. Between January 2014 and June 2017, 1866 patients were recruited, with an attrition rate substantially lower than expected (< 5.0% as opposed to the anticipated 15%). Accordingly, the data monitoring board recommended revision of the recruitment goal from 2400 to 2160 patients. A sample size of 2160 patients provides the trial with a 90% power to detect a difference of 0.03 points on the EQ-5D-3 L overall health utility score (co-primary efficacy endpoint) assuming a standard deviation of 0.2.
Statistical analyses
The primary efficacy analysis is based on time from hospital discharge to first occurrence of primary composite end-point as defined above. It is an unadjusted survival analysis according to the intention-to-treat principle with use of the log-rank test. Hazard ratios and 95% confidence intervals will be estimated using Cox models with the assumption of proportional hazards checked by means of Schoenfeld residuals. Prespecified sensitivity analyses include adjusted models and a per-protocol analysis. Consistency of intervention effects in four prespecified subgroups (men and women, age groups, type of index event, and patients with or without regular use of My StrokeCard) will be assessed by means of test for interaction. The continuous efficacy endpoint QoL will be analysed with linear regression models.
Owing to the fact that our study attempts to encourage patients to adhere to current evidence-based prevention guidelines and does not include experimental treatment concepts, we do not perform a formal safety analysis. We however analyze whether there are any differences in the occurrence of potential side effects, risks and consequences of intensified secondary prevention in both study arms including (a) major bleeding [40] , (b), syncopes and fractures, (c) laboratory abnormalities (ALT, CK, GFR), and (d) muscle-related outcomes. No formal interim analysis will be performed. All reported P values are two-sided.
Discussion
The risk of stroke recurrence within one year after ischaemic stroke or TIA is high and can effectively be reduced by effective guideline-compliant secondary prevention. Vice versa, poor adherence to guidelines leads to preventable recurrent events, worse outcome and higher health care costs. Post-stroke complications are frequent, often remain unrecognised and contribute to stroke disability and poor QoL.
The STROKE-CARD concept STROKE-CARD is the first comprehensive pragmatic post-stroke disease management in Austria and, to our knowledge, one of the largest interventions of its kind worldwide. STROKE-CARD is addressing a real-life-cohort of ischaemic stroke-and TIA-patients with the primary objectives of enhancing adherence to prevention guidelines and thereby lowering rates of recurrent vascular events and post-stroke complications, and improving functional outcome and QoL. Whereas disease management programs traditionally rely on expert opinion, our initiative strives for a rigorous scientific evaluation involving outcome and health economy analyses. It pursues the concept that optimal acute stroke care extends to a thorough three-month assessment and individualised counselling. We employ a multidisciplinary but lean and cheap intervention leveraging contemporary e-technology and encouraging patient self-empowerment with the prospect of a widespread implementation in case of success. Access to Internet and social media is now broadly available and STROKE-CARD offers web-based educational patientoperated tools for risk factor to record and manage risk factors combined with linkage of patient data to medical caregivers. The STROKE-CARD concept was presented as an abstract at the European Stroke Organisation Conference 2018 [41] .
Other post-stroke disease management programs Previous trials on multimodal secondary prevention strategies in ischaemic stroke or TIA-patients have shown variable improvements in risk factor control or medication adherence but most were not designed and powered to analyse potential effects recurrent cardiovascular disease and stroke events. An overview on trials focusing on multimodal secondary stroke prevention is provided in Table 3 . Limitations shared by these trials include the usually limited sample size (443 median, IQR 347.3) [42] [43] [44] [45] [46] [47] [48] [49] [50] and the common focus on TIA or minor stroke patients only [48, 49, 51] .
Only one large-scale study has been completed so far [45] and enrolled more than 3800 ischaemic stroke and TIA-patients in 47 hospitals in China. In spite of a better adherence to statin-medications no difference in the hard clinical end points after one year of follow-up could be demonstrated.
Two ongoing studies deserve special consideration: (i) The Comprehensive Post-Acute Stroke Service (COM-PASS) study, [52] a cluster-randomised trial involving 40 hospitals in North Carolina, plans enrolment of 6000 ischaemic and haemorrhagic stroke patients and investigates potential effects of the COMPASS care model (telephone follow-up, one clinic visit within two weeks after discharge, and an individualised patient electronic care plan) on the patient-reported 90-day functional outcome (primary endpoint), hospital re-admission rates, and 90-day mortality. (ii) The Intensified Secondary Prevention intending a Reduction of Recurrent Events in TIA and Minor Stroke patients (INSPiRE-TMS) study, [51] from Germany intends to recruit 2082 patients with minor stroke or TIA, provides up to eight appointments in outpatient clinics and focuses on two-year recurrent vascular events or vascular death.
Type and intensity of intervention vary widely among the different trials. Several programs envisage nurse-led home visits or telephone-based assessments for risk factor control [44, 47, 50] . The ICARUSS-strategy [43] in Australia trusts on several pre-arranged GP visits whereas the STANDFIRM-trial (n = 500), [46] a community-based intervention, consists of educational sessions, multiple follow-up assessments, and as telephone interviews conducted by study nurses and general practices. A recent intervention [49] has achieved a substantial and sustained (six months) reduction in global vascular risk (Framingham Risk Score, Cardiovascular Disease Life Expectancy Model) by non-physician provider case management. Digital health interventions (e.g. telemedicine, web-based strategies, email and-mobile phone-reminders) improved risk factor control in vascular diseases other than stroke [16] .
Strengths and limitations
Key and in part unique features of STROKE-CARD are its comprehensive focus on both recurrent vascular events (risk factor control and compliance) and post-stroke complications and QoL, its lean and easily applicable intervention, and the inclusion of moderate and severe ischaemic stroke patients (all except those with permanent severe disability).
The primary analysis may be viewed as conservative in two respects: [1] It relies on a short one-year follow-up whereas potential effects are expected to increase over time. Extension of follow-up is a decided goal and fund raising is in progress [2] . Our program is realised within the framework of a highly developed stroke care setting and bears the challenge of a strong comparator group with high-quality management of ischaemic stroke/TIA patients. Although findings of our trial are not easily extrapolated to less developed stroke systems, the potential benefit of the intervention is presumably even higher on the low-quality stroke care background.
Our program is focused on ischaemic stroke but may serve as a model for other diseases sensitive to post-discharge management.
In case of success, the next steps would be a refinement of STROKE-CARD components and identification of subgroups with a health benefit and cost effectiveness in order to end up with a practicable tool for broad clinical implementation in the whole of Tyrol, Austria and beyond. 
